Alpha-synuclein (α-SYN) is a central molecule in Parkinson's disease pathogenesis.
The characteristics of α -SYN have been mainly studied by using recombinant proteins [7] [8] [9] [10] [11] . However, analysis of endogenous α -SYN levels and its aggregation states especially from human brain tissues has been challenging and often reported equivocal results [12] [13] [14] [15] [16] .
Especially, selective neuronal loss in the substantia nigra (SN) of PD brains severely limits the available dopaminergic neurons compared to control brains 17, 18 . Therefore, it is crucial to develop a method capable of quantifying endogenous α -SYN protein levels as well as its aggregation states in biological samples including human postmortem brains.
To this end, we sought to develop a specific and sensitive method called 'α-SYN singlemolecule pull-down (α-SYN SiMPull) assay' using a recently developed SiMPull method 19, 20 together with cell permeable in vivo crosslinker 21 , disuccinimidyl glutarate (DSG) 13 . DSG has been known to preserve the native state of oligomeric proteins in dynamic equilibrium 22 . A SiMPull method using conventional immunoprecipitation combined with single-molecule fluorescence imaging enables rapid and sensitive analysis of protein levels and their stoichiometry at the single-protein resolution [19] [20] [21] 23, 24 .
In addition, in vivo crosslinker increases the stability of endogenous α -SYN protein by preserving their apparent assembly states 13 . Here, we have established α -SYN SiMPull assay, successfully demonstrating that endogenous α -SYN protein levels can be measured at the single-molecule level using only minute amounts of total proteins compared to traditional western blot analysis. Moreover, this method allows us to assess oligomerization states of native α -SYN protein in the cultured cells and the human brain tissues. α -SYN SiMPull using 40 µL of total lysates (10 ng/µL) demonstrated notably increased population at higher fluorescence intensity in FeCl 2 and MG132 treated cells compared to non-treated control (Figure 3a and Figure S3 ). To further analyze these intensity profiles, fluorescence intensity of a single Alexa 647-labeled F(ab') 2 was used as a reference ( Figure S1a,b ). Assuming it as the intensity of a monomer, we decomposed the intensity profiles of above conditions into monomer and oligomer populations. As shown in Figure 3b and c, oligomeric α -SYN was more pronounced in FeCl 2 and MG132 exposed cells (37 %) than nonexposed ones (15 %). The western blot also confirmed that the treatment with FeCl 2 and MG132 increased the levels of high-molecular weight α -SYN species ( Figure S4 ). However, we did not observe bright fluorescent spots having different shapes or sizes that were found in recombinant oligomeric/fibrillar α -SYN in FeCl 2 and MG132 exposed cells. Several methods including, but not limited to, western blot have reported controversial results on α -SYN levels as well as its native states with total protein lysates obtained from the SN of human brain tissues [12] [13] [14] [15] [16] . In this study, we employed 
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